tained from market milk and a single strain isolated from the milk of a cow suffering with mastitis.
I am not aware of detailed descriptions of any considerable number of hemolytic streptococci isolated from milk obtained directly from infamed udders. In a previous paper 4 a certain number of strains of non-hemolytic streptococci obtained from cows suffering from mastitis were described. At that time it was shown that such organisms were responsible for inflammations of the mammary gland in many cases. When their action upon carbohydrates was considered they fell into two broad groups: those producing acid in dextrose, lactose, saccharose, maltose, and salicin; and those producing acid in dextrose, lactose, saccharose, and maltose, but failing to change the reaction of broth containing salicin. All failed to act upon raffinose, inulin, and mannite. All strains were agglutinated at varying dilutions with an antiserum produced by the immunization of a cow with one strain. Although these streptococci were capable of producing exceedingly severe udder infections in cows, they were not pathogenic when injected into rabbits. A pig fed on milk containing enormous numbers of streptococci remained well
Of the 61 cases of mastitis associated with streptococci, 21 were associated with hemolytic streptococci, and 38 with non-hemolytic streptococci. In two instances both types were present. In the material at my disposal the non-hemolytic infections predominated, but infections with the hemolytic types existed in considerable number and in all probability they are responsible for serious losses in milk production.
Study of Spontaneous Cases.
The following case records are more or less typical of this class of infections.
Cow 63.--Calved Dec. 8, 1916 . ~Developed mastiffs on Apr. 5, 1917. Apr. 5. The cow refused its food. Digestive disturbances and constipation were observed. The temperature was 103.6°F. The left fore quarter was enlarged, firm, hot, and tender. The milk was yellowish white in color and thickened with many small viscid flocculi. A sample obtained from the mixed milk of the left and right fore quarters when plated in blood agar revealed 640 hemolytic streptococci per cubic centimeter. The cells numbered 3,200,000 per cubic centimeter. This cow was under observation for 2 months. The left fore quarter improved rapidly although the milk secretion never reached normal. FIocculi completely disappeared from the milk. Hemolytic streptococci were never found in the milk after Apr. 12. On Apr. 20, 30 cc. of milk were drawn from the quarter with a sterile milk tube directly into a sterile bottle. The milk was incubated for 24 hours at 38°C. Tubes containing slant agar and bouillon were inoculated with the incubated milk. They remained sterile. After it had been shown that the milk was sterile it was inoculated with a pure culture of streptococci previously obtained from the quarter. They grew abundantly. The milk from the left hind quarter continued to contain hemolytic streptococci in pure culture for the 2 months allotted to this observation. Mastiffs never developed in this quarter.
Cow 59.--Cow calved July 21, 1917. Mastitis developed almost at once. July 22. The left hind quarter was swollen, firm, and hot. The subcutaneous blood vessels were engorged. The milk was yellowish white in color and contained many small white flocculi. Examination of the milk revealed 37,000,000 cells and 6,000 hemolytic streptococci per cubic centimeter. The surface colonies on blood agar plates measured 1 mm. in diameter. They were round, translucent, and slightly raised above the surface of the medium. The deep colonies were biconvex and surrounded by a zone of complete hemolysis 3 to 3.5 mm. in diameter.
July 26.
Left hind quarter: Cells 425,000 per cubic centimeter. Organisms 800 " " " no hemolytic streptococci. The milk was normal except for a few small flocculi. The inflammation in the quarter had subsided.
The cell counts in samples of milk from the other quarters were well within normal limits. Plate cultures did not reveal hemolytic streptococci.
One frequently observes invasion of one or more quarters with hemolytic streptococci without evidences of inflammation other than a slight increase in the number of cells and the appearance of small flocculi in the milk. The record of Cow 67 is typical of infections of this type. This cow was under observation for 2 months.
Cow 67.--Sept. 5, 1917. Many small flocculi appeared in the milk of the right fore quarter.
A sample was Obtained on Sept. 6, at which time the quarter appeared normal. Plates prepared from the milk revealed 2,000 hemolytic streptococci per cubic centimeter. The deep colonies were surrounded with a clear zone of hemolysis 2 to 2.5 mm. in diameter.
Sept. 12.
Right fore quarter:
The quarter appeared normal. The milk contained many flocculi. Cells t2,600,000 per cubic centimeter. Organisms 4,800 .... " pure culture of hemolytic streptococci; deep colonies surrounded by a hemolytic zone 2 to 2.5 mm. in diameter. 95 per cent of colonies were hemolytic streptococci surrounded by a hemolytic zone 3 ram. in diameter.
Severe mastiffs developed in the left fore quarter which had been invaded with non-hemolytic streptococci. The condition of the other quarters remained unchanged. Flocculi appeared in all samples of milk sooner or later and persisted throughout. The number of streptococci showed a tendency to increase in all quarters.
This cow aborted early in pregnancy and was slaughtered Jan. 25, 1918. The udder was obtained for histological study. Gross changes of the usual character were observed in the left fore quarter which had been invaded with nonhemolytic streptococci. The other quarters appeared normal except for a slight reddening of the epithelium.
Histological examination of fixed and stained tissues from each quarter revealed strikingly different lesions. Many of the acini of the left fore quarter had become necrotic. In other lobules the epithelium revealed severe degenerative changes. Great masses of leukocytes frequently filled the lumen of the acini and large milk ducts. There was in addition considerable connective tissue proliferation.
In the other portions of the udder where the hemolytic types had gained a foothold the lesions were not so severe. In one or two instances local degenerative changes had occurred in the secreting portion of the quarter. The epithelium of two or three acini in a few lobules had degenerated, and densely packed masses of leukocytes occupied the lumen. In the main the lesions were confined to the larger lactiferous ducts. The lining epithelium was covered with a thin, pinkstaining, slightly granular exudate in which a few leukocytes, round cells, and red blood corpuscles had become enmeshed. The epithelium was granular in appearance. The individual cells contained fat droplets. Desquamation had occurred. The subepithelial tissues contained many leukocytes.
Cow 72.--This cow presented a more severe type of infection. The first bacteriological examination made on Dec. 27, 1917 revealed 218,000 streptococci per cubic centimeter of milk. The left hind quarter was swollen, firm, hot, and painful. The condition became chronic and the animal was killed . Feb. 12, 1918 , and the udder obtained for examination.
The left hind quarter was larger than the others and quite firm. On section the epithelium was brownish pink in color and dry and granular in appearance. The lobules were clearly demarcated. The lining of the milk ducts was reddened and inflamed. The milk cystern and ducts contained considerable greenish white purulent material. The blood vessels were congested throughout the quarter. The other quarters failed to show gross changes.
Examination of sectiofls prepared from pieces of the left hind quarter fixed in Zenker's fluid and stained with methylene blue and eosin revealed severe lesions. In many lobules the epithelium of the acini had been entirely destroyed. All that remained of the individual acini was the connective tissue framework surrounding a few necrotic epithelial cells and dense masses of degenerated leukocytes and fat cells. In other lobules the lesions were not so severe although the nuclei were pyknotic and leukocytes filled the lumen. Certain of the larger ducts were severely involved. The lining cells were necrotic. The passage had become completely occluded with leukocytes and fibrin.
Hemolytic Streptococci Isolated from Inflamed Udders.
The initial cultures were made from liberal samples of milk drawn directly from the udder into sterile wide mouthed bottles. The diluted milk was added to 12 cc. of melted 2 per cent veal bouillon agar and after mixing was poured into a Petri dish containing 1 cc. of defibrinated horse blood. The dish was agitated quickly to insure a mixture of the contents. Hemolytic readings were made from the deep colonies after incubation for 24 hours. Although the number of strains studied has been somewhat limited, it is felt that detailed descriptions relative to their source, the extent of disease produced, and the morphological and biological characters may be of value. All streptococci isolated directly from the udder have produced in horse blood agar plate cultures a definite clear zone of hemolysis immediately surrounding the colonies which Smith and Brown have described as hemolysis of the beta type. Table I denotes the number of the streptococcus, the zone of hemolysis, the number of colonies developing from 1 cc. of freshly drawn milk, the appearance of the secretion, and a note on the clinical condition of the involved quarter.
Of the twenty-nine strains isolated, twenty produced more or less pronounced changes in the invaded quarters. In nine instances the freshly drawn milk contained hemolytic streptococci often in considerable numbers, although changes in the udder could not be detected.
Two cows while affected with mastiffs in certain quarters shed streptococci from other apparently normal quarters. Table II denotes the morphological and biological characters of the strains of hemolytic streptococci isolated from milk drawn from the udder. Fermented veal bouillon containing 1 per cent of the various carbohydrates and other substances was used to test the fermentative action of each strain. The cultures were incubated 5 days at 38°C. The initial reaction of the media varied between 0.6 and 0.8 per cent of a normal solution of acid (phenolphthalein). Tubes 1.5 cm. in diameter containing 13 cc. of media were always employed. Only the net production of acid is recorded in the table.
Two distinct types of surface colonies have .been noted in blood agar plate cultures. The most frequent appeared as round, flattened, almost transparent colonies measuring from 2 to 4 ram. in diameter. The other type was smaller, raised, and translucent. Deep colonies were usually biconvex or o~¢oid in shape.
Like the non-hemolytic streptococci, the hemolytic varied greatly in the length of chains produced. The individual elements were spherical or slightly elongated; all stained by Gram's method. Some grew throughout the bouillon producing more or less turbidity; others grew as large flocculi on the bottom of the tube leaving the medium clear, All strains coagulated milk to a greater or less degree. In one instance the milk appeared unchanged after incubation for 5 days. Boiling, however, produced prompt clotting. The hemolytic streptococci fall into the same broad groups as the non-hemolytic strains, when their action upon tb, e carbohydrates is considered. All produced acidity in dextrose, lactose, saccharose, and maltose. Nineteen strains fermented salicin; the other ten failed to do so. One of the non-salicinfermenting types failed to produce acidity in saccharose. This culture produced comparatively little acid in dextrose, lactose, and maltose. All failed to ferment raffinose, inulin, and mannite. In the main about the same amount of acid production is observed in the sugars fermented by each group.
Smith and Brown's streptococci from bovine sources possessed similar characters. In their series the non-salicin-fermenting strains predominated. The acid production of their streptococci corresponds in a great measure with the results given in Table II. The virulence of the hemolytic strains for rabbits was tested by the intravenous injection of 1 cc. of a 24 hour bouillon culture. In two rabbits localizations in the joints occurred after injections of Streptococcus C.63A. and Streptococcus M.B. Strains M.R., C.67A., C.67B., and M.43 produced only slight febrile reactions extending over a few days. Other strains failed to affect the general condition of the animals.
The hemolytic streptococci resemble the non-hemolytic types in regard to their fermentative action. They fall into the two broad groups previously mentioned, those attackingsalicin and those unable to do so. Previously it had been shown that the non-hemolytic streptococci isolated from mastiffs, regardless of their fermentative activity, would clump when mixed with an agglutinin produced by the immunization of a cow with a single typical strain. This serum did not contain agglutinin for hemolytic bovine strains. It was deemed advisable to ascertain whether this held true with the hemolytic types. A rabbit was immunized with cultures of Streptococcus C.53. Its serum was used to test the agglutinability of the hemolytic streptococci. Blood serum obtained prior to the first injection of the culture failed to contain agglutinin for three typical strains of streptococci.
1 per cent salt solution suspensions of 24 hour horse serum agar cultures were shaken for 20 minutes in a mechanical shaker and diluted with salt solution to a uniform density. To each cubic centimeter of suspension various amounts of antiserum were added. Readings were made after incubation "for 24 hours at 38°C. A control tube was always incubated. Table II [ indicates the agglutination titer of the streptococci isolated from the udder when tested with the serum of a rabbit immunized with a single strain.
Twenty-six of the twenty-eight strains were agglutinated by the antiserum produced by the immunization of a rabbit with a single typical strain. Streptococci C.65B., C.67C., and M.C. failed to agglutinate at dilutions of 1 : 100, although the first two possessed practically all characters in common with the type used in immunization. Streptococcus M.C. differed considerably from the others in its low acid production in dextrose, lactose, and maltose and its failure to While invasion of the udder with hemolytic streptococci has not been observed so frequently as infections with non-hemolytic types, nevertheless serious losses occur from these infections. Of the nineteen cows under observation for an extended period, eight have been disposed of because of the severity of the involvement. In seven others the condition has become chronic. The other four have recovered.
The udder may become invaded at any time during the lactation period. Five cows developed mastiffs shortly after calving.
The difficulty of tracing infections was pointed out previously in the investigations of the non-hemolytic types. Doubtless the principal method of entrance is through the teat canal. Injuries play only a minor part as a predisposing factor. In no instance has it been possible to associate injury with this type of disease.
One point stands out clearly, however, and that is that animals suffering from mastitis in one quarter associated with hemolytic streptococci frequently shed identical streptococci in the milk from other quarters. Often the organisms are in pure culture or make up the bulk of the flora of that quarter. These invasions rarely produce gross changes in the gland and frequently fail to change the character of the milk. Cows affected in this way are of considerable danger to other animals in the herd. The milker is usually warned of the infectious nature of the secretions of the diseased quarter, but may be careless in handling milk from the apparently normal quarters. This may explain one ready source of infection.
The development of mastitis in five cows shortly after calving is suggestive of infection with streptococci from the genital tract. Frequently one observes more or less discharge from the vulva of cows following parturition. In four of these cases mastiffs developed in the right hind quarter; in the fifth both hind quarters became involved. The genital secretions after calving may readily run over the hind teats, and contained organisms in this manner may gain access to the teat duct.
The pathogenicity of hemolytic streptococci obtained from cases of mastiffs to species other than bovines is undetermined. The reLa-tively low virulence of freshly isolated cultures injected into rabbits may be of considerable significance. Raw milk from large dairies must contain a considerable number of these organisms. Usually only the milk from clinically affected quarters is discarded, but the secretion from the other quarters not visibly involved which often contains large numbers of streptococci enters the milk supply. If any considerable number of these organisms were pathogenic for consumers of milk, septic sore throat would occur with considerable frequency; nevertheless, milk containing a few flocculi and hemolytic streptococci obtained from cows which fail to show gross lesions must be looked upon with suspicion until more is known of the source and nature of the virus.
SUMMARY.
Hemolytic streptococci produce more or less severe inflammations of the udders of cows. Frequently infected quarters are swollen, firm, hot, and tender. In a number of instances it has not been possible to detect gross changes in the mammary gland.
The streptococci isolated from the invaded quarters have produced clear zones of hemolysis immediately surrounding the colonies when cultivated in horse blood agar plate cultures. The hemolytic zone has varied from a clear, narrow band up to zones 1.7 to 2 ram. wide.
When the streptococci are classified according to their action upon carbohydrates, they fall into two broad groups: the larger consists of nineteen strains fermenting dextrose, lactose, saccharose, maltose, and salicin; and a smaller number comprising ten species produces acid in dextrose, lactose, saccharose, and maltose and fails to ferment salicin. One of the non-salicin-fermenting strains did not attack saccharose. In no instance was acid production noted in raffinose, inulin, or mannite.
All streptococci except three were agglutinated by an antiserum obtained from a rabbit immunized with a single strain.
Freshly isolated cultures when injected intravenously into rabbits possess but slight pathogenicity. Localizations in the joints occurred in two instances. The others either failed to affect the general condition of the animals orproduced only a slight febrile reaction.
